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DESCRIPTION OF PROGRESS (JANUARY - JUNE 1984)

'6 Administralle

This contract represente the continuation of a three-year contract that commenced In January

1081 under the tile "The Development of Representation Methods to Faciltate Knowledge .- ,...

Acquisition and Exposition In Expert System." With the renewal of the contract in January 1984, we

have reversed the role of the principal Investigator and co-principal Investigator. Thus Profesor L
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MiholslGenesrethes taen over primay reponsiblit for the contract, but IDr. Edwww Shariffe

rea ininv~olved a@00 -,,veta or OW director of the explanation research discuese bemaow.

The succesaul rele ae of MRS hos yeaft oed us to turn our attentions at the beginning of this

yaw to Morse oretical Issues, with the Innion of implementing theml later in 1064. One of the net

obvious of thes has been the 1 -carpordon- of uncertain reasoning facilities Into MRS itsellf the

maheatcs underlyingltswadevelopeddurn the firs half of the year, mnd the results have been
m lened In several small-scals applicallons,

A longer term projec involves the creation of facilties for the compilation of MRS program

Work on this has begun, udrocompilers have been written to handle the proces of drawing
inference, by either backward or forward chaning. More theoretical research Is under way to
Ivestigate the possibility of automatilly determining at compile tim which of these two methods Is

the moat effective for a specifcapplication.-

Issus o rutim cotro ha alo ben tuded.Our attention in this area, has been focussed
primearlon the problem of recursive inference; reasonasl effective, methods have been developed
ndimplemene for dealing withlithe

Gleneral research has also been undertaken with regard to the presentation of the results of an
Al program be it MRS in particular or a more general problem. Standards hae been developed

whereby the power and expreesivnee of competing presentation lanp.iges may be evaluated.

Other theoretical work completed during the past six months has been an Investigation of the
onections between Mcrh's ccuelponand the other paradigms for non-monotonic

reasoning. and the development of strategies and protocols for distributing deduction between
sevral large processors. With an eye towar an eventual development of a learning faclty within
MRS. a version apace algorithm has been Implemented, and research begun on the automatic
generation of experiments by mecOne. ____

The seies of ONR-supports projects dealing with explanation capabilities for advice systeme

has continued during the Past quarter. The most mature work Is tha of John Kunz In his system



hI~ That progr a -s meged key ntosof csueal/mecatc reasoning with mathemmfnutk - .- -

modenid the rpeuimonof a physiologic syistm. His dissertatioui was completed in June

1964 idliscurentybeingaprintud for distributn

Greg Coopers, NESTOR work Is complete aid his dissertation repor will be completed by the

end of the summer. That system is novel I It use of a Bayeia scoring function that avoids fth

assumption of conditional hidepenec by utibing causal knowAledge of the domain. A branch mid
bound search technique is used to prune the search space, and emphasis is placed on allowing the
user to guide the system's hypothesis generation and analysis. The "critiquing" approac. te-

Interaction is used, thereby placing an emphsi on expaoryM capabilities. Much of the peat
quarter has been spent on evaluation experimients to determine the validity of the scoring approach
used.

Glenn Renneis work on the explanation capabilities for NEOMYCIN led to a paper that to

coauthored with Diane Healing aid BIN Clancey (see list of Publications below). He has now turned to
the development of a system that provide an interface between a user and a decision analysis tool
The Influence diagram approach, described in our renewal application, hem been the besis for fts* s

developing work. Routines have been written to permit graphical input of an Influence diagram and to

allow formal decision analyase to be generated from the Influence diagram once It has been fully
constrained.

Curtis Langlotz continues to work on the problem of critiquing for the OtICOCIN system as
described i past reporfts His paper on the early critiquing work appeared in late 1983 (we
publications lis). As the work has transfioned to professional workstations, Curt has turned to the
development of a simulation enivironment that will allow the system to offer explanations based on

deeper menistic models of physiology anid drug action. We expect the simultation system to be
sufficiently complte by the end of the summer that It will be able to support early eXPeriments within
the ONCOCHN domasin.I

Finally, although Shako To*j Is no longer at Stanford, shean Dr. Sliortliffe are comiple ig a
pape based on tier ONA-supported work when hewae a student. That paper should be ready for
submission by the autumn.
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Goeeft~s M.R. -Patiel programs-, Stanford Universt Heuristic Programming Project, Janar
1984

Genesrth M.R. and Smith, D.E. "Controlling recursive inference", Stanford University Heuristic
Progerming Projct May 1984

GinsbergML 'Non-monotonic reasoning using Demnpdate rule', to be presented at AAAI-84,
Austin, Texas, August 1984

Ginsberg, M.L 'Analyzing incomplete information", Stanford University Heuristic Programming
Poject, June 1964

Ginsberg, M.L 'Implement probabilistic reasoning", Stanford University Heurisatic Programrming
Project, June 1984

Greiner, R. and Genesereth, M.R. 'The rote of abstraction in understanding analogy', Stanford
UniversyHeuristlc Programming Project, April 19834 at AAAI-83, Washington, 0. C.,
August 198&

Mackinlay, J. and Gensereth, M.R. 'Iplicit language', Stanford University Heuristic Programming
PrjcMarch 1984

MackInlay, J. and Genesereth, M.R. 'ExpresIes of languages', to be presented to AAAI-84,
Austin, Texas, August 1984

Smith, D.E. and Genesereth, M.R. 'Controlling recursiv inferences', Stanford University Heuristic
Prormmn Project March 1984

Singh, V. and Genesereth, M.R. 'A variable supply model for distributing deductions', Stanford
University Heuristic Programming Project, May 198

Duds R.O. and Shortliffe, E.H. Expert system research. 220:261-268(1983).

Langlotr., C.P. and Shortiife, E.H. Adapting a consulttion system to critique user plans
International Joual an-an MbM 19:479-496 (1983).

TO*ji S and Shortliffe, E.H. Graphical access to the knowledge base of a medical consutaton
system. PoeednIm a[ AMSI Qg= Ul pp. 551-555. San Francisco, Ca.,
may 1983.

Healing, D.W., Clancey, W.J., and Ronnels, G. Strategic explanation 16i a diagnostic consutltion
system. lonim ion D~uCDsi at -Maciria~ 20:3-19 (1w6)

Shortllf, E.H. Explanaton capabilities for medica consultation systems (tutorial), EMC20M 91
AAM Qg A pp. 193- 19?, San Francisco, CaL, May1I984.



¢llllerll, Compuer Science DOplaibn, te a l ord Univerdty, June1984,,
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Tsuji, S. and Shortliffe, E.H Graphics for knowledge UmglnWPr A window on knowledge ben
mnget(In p ).

Conanrde "ka + -a'k
Prof Geneereth and Shortliffe have lectured widely both at Stenford and elsewhere during

the loW several months. Since January 19084 Vie tIk moet pertinent to this contract Include the
following.

SM.R. Genesereth: "Procedural hints in the control of reasoning", Teknowledge Palo
Alto, California, February 1984

* M.R. Geneasreth: "Procedural hints in the control of reasoning", Camegla.Msll-n
University, Pittsburgh, Pennsylvwnle, March 1984

" M.R. Geneereth: "Procedural hints In the control of reasoning", Massachuetts imtitut.
of Technology, Boston, Masahuset March 1984

" M. Genesereth: "Procedural hints In the control of reasoning", I.B.M. Coorporation,
April 1984

" M.L Ginsberg: "Probabilistic reaoning using Dempeter's rule", SRI International, Menlo
Park, Caf orni, June 19084

" B.N. Grooo "An inequality paradigm for probabilistic reasoning", SU Intematond,
Menlo Park, Calfornia, March 1984 ~..

*B.N. Gre "Default logic and dofault resoing", Slanford University, Stanford,
Caforna May 1984

* SN. Grosof. "An Inequality pradg for pobalc reamoing", Stanford Unvert,
St1nford, Califomi, May 1984

" .N. Groe "Deault reasoning as circumscrpion", Stanford Univeraity, Stanford,
C@al.a May 1984
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o D.E. Suuuut uuDumain indpenen couno of rening". ComupuI 'FUIUI.~ Iunorv -

Univrsiyftanforallfornia, Februay 1084

e E.H. ShorWhWfe Seminr an Knowledge Systems The Universt of Utah, Salt Lake City,
Utah, January 198C

* E.H. Shortliffe: Annual Contractors Meeting, Office of Naval Research, Stanford
Unverst, Stanford, Ca., January 1984.

o E.H. Shortliffe: Seminars on Expert Systems, Regional Meetings, Association for
Computing Macinery, Colorado Springs and Denve, March 1984

* E.H. Shortliffe. Tutoia on Explanation Capabilities for Expert Systemrs, American
Association for Medical Systems and Informtatics, San Francisco, May 1984.

SCEDULE EQB NX Q~UARTER (JULY - SEPTEMBlER)

Many of the projcts begun earlier this year have natural extensions, and thes are exected to

comprise the bufi of our resarch effort over the next quarter. Specifically, the facilities within MRS for
Inexac reasoning will be expandedl arnd applied on a Wager scale; the complers already in exilstence
will be expanded, documented and released; general isues involvng fth cost of runtime control of
reasoning will be investigated; and A Presentation Tool (APT), the Implementation of our results on
presentation, will be developed. We also expect to consider fth problem of distributing deduction
among many small processors, as opposed to a fow large ones.

Work on the folowing problems is also envisied: On the theoretical side, we expect to
Investigate an apparent connection between non-monotonic reasoning and fth effectiveness of
forward chaining. More practically, debugging tool will be developed for MRS, and a comparison wil
be drawn between DAR~rs Imleentation in MRS and the earlier MYCIN program

In the next quarter, we expect to qomplet the following: ...-

" John Kunz's dissertation wil be prne and distributed to ONA contractors.

* Greg Coopers theis will be completd arid submtted for printing.-
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oG~ssy PannsWb Influence diagrm work wE m fon a wring mid wawlsiredie len*4
prograiMikg. Hi - pWoo wNbca pmsyth aidu d~ -w s , & w
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*Curt Laiglotis almulalo sam on the Xino I1108 shoul be conile i lkbek
verion wid reed for us to undetalie explastn experiment In the co of'-
CI~ONOCIN -,

9 Shako Taujis mwdsl an grphcle acess to the ONCOCIN knowledg bind wN be
compet and submittd for publicaton.
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PROS.14 ENOULNTERED: Wnon

DEPARTURES FROM PROPOSIED WORM none

ACTION REQUIRED 1BY THE GOVERNMENT: none

FICAL STATUS:

(1) currny providled on contrac sknc Januay 1981:66SM.=2

(2) ep hluru an commljnts w f 8/3D/84:$7%,451

(3) Funds requkre to omplete work: $M.2910

StAfod SPO Reference No.: 11192-01-00

Michael Ri. Genewoth, Ph.D. Principa hWeelgsto
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